The study purpose was to perform an open, prospective study on various aspects of oxcarbazepine (OCBZ) effectiveness in Bulgarian patients with drug-resistant epilepsy. The study was performed with the participation of patients with epilepsy who attended the Clinic of Neurology at the University Hospital in Plovdiv, Bulgaria. Patients completed diaries about seizure frequency, severity, and adverse events. There were regular documented visits at 3 or 6 months during the first year of treatment with OCBZ and at 6 months afterwards, with dynamic assessment of seizure frequency, severity, adverse events, and EEG recordings. OCBZ was applied as add-on treatment in 82 patients (44 males, mean age 40 years). There was a relatively mild and stable dynamic improvement of seizure severity, a satisfactory seizure frequency reduction in 25.6% of participants, a stable mean seizure frequency reduction (40-38.55%) from the 6 th to the 24 th month of treatment and a stable responder rate (39-48.6%) during the same period. There were adverse events (generalized rash, dizziness, nausea, vomiting, edemas of the extremities, memory problems) in 8.54% of patients. In conclusion, OCBZ treatment is associated with: a low and stable improvement of seizure severity, a good and stable improvement of seizure frequency, a possible worsening of seizure control, a good safety and tolerability.
Introduction
Oxcarbazepine (OCBZ) is an antiepileptic drug (AED) with the following mechanisms of action: inhibition of sodium and calcium channels, stabilization of the overexcited neuronal membranes, inhibition of the repetitive neuronal stimuli, limitation of synaptic impulses propagation. OCBZ has been confirmed as an appropriate drug for mono-and add-on therapy in children and adult patients with focal seizures with or without evolution to bilateral tonic-clonic seizures and with generalized tonic-clonic seizures. The frequent usage of OCBZ in the medical practice is a result of its broad spectrum effect on most types of epileptic seizures (with the exception of absences and myoclonic seizures), similar efficacy and better safety to that of the first-line conventional AEDs, making OCBZ their successful alternative. The possibility of rapid up-titration, the linear pharmacokinetics, the lack of necessity to monitor laboratory investigations (with the exception of hyponatremia), the low potential for drug interactions (with the exception of oral contraceptives and phenytoin) have been proven as important advantages.
Seizure frequency is the main efficacy outcome reported by investigators from randomized, double-blind, placebocontrolled, and open prospective studies on mono-and add-on treatment with OCBZ in patients with focal and generalized epilepsy. Dose-dependent variations from 26% to 50% of respondersʹ percentage as well as reduction from 22% to 50% of the mean seizure frequency have been reported in patients with focal and generalized tonicclonic seizures [1] [2] [3] [4] [5] . The percentage of responders in open prospective studies varies up to 93%, with seizure free patients up to 35% [6] . Attention has not been focused on retention rate of OCBZ and the correlation of seizure frequency and severity dynamics with demographics and clinical findings. There are no reliable prospective studies on effectiveness of OCBZ in Bulgarian adult patients with drug-resistant epilepsy. Therefore, the conduction of an open, prospective study on various aspects of effectiveness of add-on therapy with OCBZ in Bulgarian patients with drugresistant epilepsy will provide additional useful data for the medical practice.
The purpose of the study is to perform an open, prospective study on various aspects of OCBZ effectiveness in Bulgarian patients with drug-resistant epilepsy.
Patients and methods
The study is open, prospective, with a possibility of using available detailed retrospective information about some participants. It was performed with the participation of patients with epilepsy who attended the Clinic of Neurology at the University Hospital in Plovdiv, Bulgaria for a regular examination in cases of unsatisfactory seizure control or for adverse events from treatment.
All study procedures were performed after the approval of the Local Ethics Commission at the Medical University, Plovdiv. Every patient was introduced to the study design and signed an informed consent form before participating in the study procedures. The following inclusion criteria were used: 1. A signed informed consent form; 2. Consent of the patient and relatives about giving the required information and medical records; 3. Age ≥ 18 years; 4. Diagnosis of epilepsy; 5. Good compliance of patients to recommended treatment; 6. A stable dose of concomitant AEDs in the recent 3 months; 7. A period of prospective observation of at least 3 months; 8. Completed diary about seizure frequency, severity, and adverse events; 10. Regular documented visits at 3 or 6 months during the first year of treatment and at 6 months or 1 year afterwards, with dynamic assessment of seizure frequency, severity, adverse events, and EEG recordings. The criteria for AEDs choice are in conformity with the approved by the National Drug Agency indications.
Data were collected by a trained neurologist specialized in epilepsy through an examination of the patients' medical documentation and a detailed interview on the disease onset, heredity, concomitant diseases, type and etiology of epilepsy, seizure type, frequency and severity, treatment with AEDs, efficacy of OCBZ, adverse events from treatment. Seizure frequency dynamics was based on patients' seizure diaries. Seizure severity was estimated on the basis of information about seizure duration, traumatism during seizures, duration of consciousness loss, severity of postictal manifestations. Adverse events from treatment were assessed as type, severity (mild, moderate, severe), and duration based on reports from patients and relatives, a standardized interview based on the validated by Kuzmanova et al. Bulgarian version of the Liverpool Adverse Events profile [7] , a physical, and neurological status examination at every visit.
Data were processed using STATA (Stata Corp., College Station, TX, USA) and SPSS (Statistical Package for the Social Sciences) version 13.0 (SPSS Inc., Chicago, IL, USA). The results for quantitative variables were expressed as means ± SE (standard error) and the results for qualitative variables as percentages. The principal outcomes were: clinical efficacy (effect on seizure frequency and severity, treatment duration and reasons for withdrawal, new seizure types, treatment changes), and tolerability (adverse events). The association of dynamics in seizure frequency and severity with demographics, and clinical findings was tested by means of χ2-test. The level of significance was set at P < 0.05.
Results

Demographic and clinical characteristics of the study participants
The total number of patients diagnosed with epilepsy who have attended the Clinic of Neurology for the period 2003-2016, was 1259 (in-and outpatients). OCBZ was applied in 82 patients of 18-64 years of age (mean age 40.46 ± 0.39). The onset of epilepsy varied from 10 days to 57 years of age, mean age onset 19.66 ± 0.42 years. The mean epilepsy duration varied from 5 to 50 years, mean duration -21.76 ± 0.39 years. The observation continued from 2 to 108 months, (23.93 ± 0.5 months). The commonest dosage of LTG was 1200 mg/d and 1800 mg/d, mean dosage 1242 ± 2.12 mg/d. The demographic and clinical characteristics of the study participants are presented in Table 1 . 
Efficacy of Oxcarbazepine treatment
We did not find a significant difference in the percentage of patients without improvement of seizure severity up to the 24 th month of treatment. The percentage of participants with seizure severity reduction increased slightly between the 6 th and 24 th month (9.8% on the 6 th month, 10.9% on the 12 th month, 11.6% on the 24 th month). Because of the small number of patients, who continued OCBZ treatment after the 24 th month, they were not included in statistical analysis. We came to the conclusion about a mild and stable improvement of seizure severity by treatment with OCBZ. There was no correlation of seizure severity dynamics with the initial seizure severity on the 6 th , 12 th and 24 th month of treatment P > 0.05 (χ 2 = 1.19; χ 2 = 1.10; χ 2 = 1.00 respectively), with the dosage of OCBZ P > 0.05 (χ 2 = 10.62), and any demographic or other clinical findings.
The assessment of seizure frequency up to the 24 th month of OCBZ treatment is presented in Table 2 . The most significant improvement of seizure frequency was on the 6 th month of treatment followed by retention of a high responder rate of about 40% (39% on the 6 th month, 37.5% on the 12 th month, 48.6% on the 24 th month) and slight increase of the percentage of patients without seizures - Table 2 . The tendency of seizure frequency dynamic changes during the 36 months of treatment is shown in Fig. 1 . The statistical analysis of results confirmed that there was no significant decrease in seizure frequency between the 6 th and 24 th month P > 0.05 (χ 2 = 6.23). We found the following dynamics in the mean seizure frequency reduction with no statistically significant differences -40.21 on the 6 th month, 41.12% on the 12 th month, 38.55% on the 24 th month P > 0.05 (Friedman Test = 0.5). Therefore, regarding seizure frequency, the efficacy of OCBZ was good and stable for the study period. There was no correlation of seizure frequency dynamics with the initial seizure frequency on the 6 th , 12 th and 24 th month of treatment P > 0.05 (χ 2 = 18.36; χ 2 = 14.89; χ 2 = 12.80 respectively), with the dosage of OCBZ P > 0.05 (χ 2 = 17.34), and any demographic or other clinical findings.
Figure 1
Dynamic assessment of seizure frequency in patients treated with OCBZ Seizure frequency improvement by various combinations of OCBZ with other AEDs at the end of the study is presented in Table 3 . The small number of patients treated with various combinations is a limitation for statistical analyses. No patient was seizure free. The combination with VPA proved to be more frequent -in 40 (78.78%) participants. It was effective in only 7 (17.5%) patients. OCBZ was used as monotherapy in 8 (9.76%) participants, 4(50%) were responders.
At the end of the study seizure frequency was increased in 18 (22%) participants, there was no or unsatisfactory improvement (seizure frequency reduction <50%) in 43 (52.4%) patients. Responders were 21 (25.6%) patients -15 (18.3%) were with seizure reduction 50-75%, 6 (7.3%) -with seizure reduction >75%, without seizure free patients. The final seizure frequency reduction did not correlate with any clinical or demographic findings P > 0.05.
There was no modification of seizure type in any of the study participants.
In 11 (13.4%) study participants OCBZ treatment was terminated for various reasons: 1. Adverse events from treatment -in 5 (6.1%) patients; 2. Lack of efficacy, transient efficacy or increased seizure frequency -in 6 (7.3%) patients.
In 5 patients OCBZ was stopped very early (before the 6 th month of treatment, on the 12 th month -in 3 patients, on the 24 th month -in 3 patients. Therefore, we found a gradual and mild decrease of the percentage of patients continuing OCBZ treatment, i.e. the retention rate was 96.34% on the 6 th month, 90.24% on the 12 th month, and 86.59% on the 24 th month. The total duration of OCBZ treatment was 1962 months. The total duration of effectiveness was 722 months, therefore OCBZ was effective in 36.8% of the treatment time of all patients. The mean effectiveness duration was 8.8 ± 0.44 months. The effectiveness duration is presented in Table 4 . 
Safety and tolerability of OCBZ treatment
There were adverse events from treatment in 7 (8.54%) of study participants, without any correlation with OCBZ dosage P > 0.05 (χ 2 = 8.63). The distribution of patients with somatic and associated with the central nervous system (CNS) adverse events according to OCBZ dosage is presented in Table 5 . More detailed information about adverse events is included in Table 6 The generalized rash was a more frequent and typical adverse event which was associated with drug termination in all patients. Edemas of the extremities were another severe adverse event. The other adverse events were of moderate severity and did not necessitate drug termination. We did not confirm a correlation of adverse events with demographic and clinical factors.
Discussion
In our study OCBZ was applied as add-on treatment in 82 patients of mean age 40 years with long duration epilepsy with predominant severe and very frequent focal with or without evolution to bilateral tonic-clonic seizures, a combination of focal and generalized, and generalized tonic-clonic seizures, refractory to the prescribed, usually combined treatment with a variety of AEDs.
There was mild and stable dynamic improvement of seizure severity. These results could not be compared with other studies, for the lack of literature data.
The described above satisfactory seizure frequency reduction in 25.6% of participants (no seizure free), the stable mean seizure frequency reduction (40.21-38.55%) from the 6 th to the 24 th month of the study, as well as the high and stable responder rate (39-41.9%) during the same period, differ from the presented in literature results from doubleblind, randomized studies (359, 381), and to those from some open prospective studies [6, [8] [9] [10] [11] with: a relatively lower responder rate, the lack of significant dynamics in efficacy in the study course, and the lack of dose-dependent effect. Investigators have not focused attention on the percentage of patients with worsened seizure control during OCBZ treatment, probably because of the uncertain association with drug intake in all patients. The percentage of our study participants with worse seizure control, without improvement or minimal efficacy, is not a small one (22% and 52.4% respectively), and suggests focusing attention in future studies, moreover the lack of efficacy is the reason for OCBZ treatment termination in 7.3% of study participants. The combination of OCBZ with VPA was more frequent (48.78%), although rarely effective -17.5% were responders. Of the participants on monotherapy with OCBZ 50% were responders which corresponds to literature data from similar prospective studies [12, 13] . Most treatment changes during the first 12 months of study were mainly of the concomitant AEDs, probably associated with the necessity of treatment adaptation following the initial clinical improvement and the manifestation of adverse events. This finding also explains the slight decrease of the percentage of patients continuing OCBZ treatment from 96.34% on the 6 th month to 86.59% on the 24 th month. We did not find studies in literature focusing attention on retention rate of OCBZ.
OCBZ showed very good safety and tolerability in our study participants. The frequency of reported adverse events (8.54%) was lower than literature data, they were usually with moderate and severe and became a cause of treatment termination in a small, and similar to other studies percentage of patients -6.1% [1, 10, [12] [13] [14] [15] [16] [17] [18] [19] . Moderate memory impairment as an unusual adverse event was found in 1 patient, but it continued for a long period of time and did not result in OCBZ termination. The reported by 1 patient dizziness was associated with a dose reduction of OCBZ, while the observed nausea and vomiting in another patient resulted in OCBZ termination. The most severe adverse events associated with termination of OCBZ treatment were: generalized rash (3 patients), and edemas in the extremities (1 patient). Most adverse events were similar to the ones reported in literature and were not associated with a higher OCBZ dose [1, 16, 17, [19] [20] [21] .
Conclusion
OCBZ treatment is characterized with: a low and stable improvement of seizure severity, a good and stable reduction of seizure frequency, a possibility of worsening of seizure control, a very good safety and tolerability. Future studies are needed with emphasis on seizure control worsening by OCBZ treatment and correlations of efficacy and adverse events from treatment with patients' demographic and clinical characteristics.
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